Introduction
Subacute sclerosing panencephalitis (SSPE) is a progressive and fatal inflammatory disease of the central nervous system caused by persistent, aberrant measles virus infection. After a latency period of 6-8 years, subtle and slow cognitive decline and visuospatial disorientation develop, followed by myoclonic jerks, extrapyramidal symptoms, ataxia, and seizures, with progression to a vegetative state or death within several years. 1, 2) Spontaneous remission and prolonged survival beyond 4 years is rarely reported, and there is no known cure for SSPE as far as we know. 3) While several trials have studied the ability of interferon-alpha (INF-α) to prolong the lives of patients with SSPE, resulting in the stabilization and improvement of neurologic disability in 30% of patients, the optimal duration of INF-α therapy is unknown. 4, 5) Herein, we report a case of a long-term SSPE survivor treated with intraventricular INF-α and a brief literature review.
Case report
A 13-year-old boy was transferred to Asan Medical Center with gradually progressing diffuse rigidity, cognitive deterioration, and generalized myoclonic seizures minimally responsive to valproic acid medication that had begun several months ago. He had steadily lost Korean J Pediatr 2019;62(3):108-112 of INF-α twice a week via an Ommaya reservoir for the initial 6 months following an escalating 5-day regimen. 7) Supportive therapy with clonazepam and trihexyphenidyl was also administered, and the generalized stiffness gradually improved during treatment and disappeared 1 month after initiating the combination therapy. The patient's immunomodulating therapy has been continued with a regimen of twice-weekly intraventricular 1×10 6 units of IFN-α for 13 years, with oral inosiplex administered as a combination therapy for 5 years. At 3-year follow-up after commencing SSPE treatment, he successfully tapered his clonazepam and trihexyphenidyl, and no myoclonic jerk remained. He has shown some improvement in hypertonicity. He could communicate by expressing his intention with gestures. Despite this noticeable improvement in clinical symptoms during the first 3 years of treatment, his symptoms slowly degenerated thereafter. Eight years after treatment initiation, generalized periodic complexes disappeared and evolved to diffuse background suppression on EEG (Fig. 1B) , and his follow-up brain MRI revealed progressive diffuse brain atrophy and periventricular T2/ fluid-attenuated inversion recovery signal changes (Fig. 2B) .
At the time of this report, at the age of 25 years, he can express himself with babbles and facial expressions in a bed-ridden status and remains in stage III SSPE.
During the 13-year treatment with intraventricular IFN-α, no serious adverse events occurred except 1 episode of bacterial meningitis that was successfully treated. Follow-up evaluation of the CSF IgM antimeasles antibody revealed prolonged persistence of the CSF IgM antimeasles antibody, followed by conversion to negativity at 10 years after treatment initiation. The CSF/serum IgG index and CSF IgG antititer have been observed to rise and fall over the 13-year period.
This study was approved by the Institutional Review Board (IRB) of Asan Medical Center (2018-0760). As a retrospective case report, written consent was waived by the IRB. social abilities and living skills such as feeding and dressing himself since the onset of his symptoms. He was born at term without perinatal event and developed normally with scheduled vaccination. His family history of neurological or metabolic disease was also unremarkable. Past medical history revealed that he experienced measles infection at age 2 years despite receiving a single dose of measles, mumps, and rubella (MMR) vaccine at age 12 months.
Prior to the onset of symptoms, his language expression or cognitive ability showed age-appropriate developmentwith an average intelligence of a 13-year-old boy. However, his symptoms rapidly progressed after the onset of the disease and the patient thereafter suffered from nearly continuous myoclonic jerk, uncontrolled generalized rigidity with swallowing difficulty, and bowel and bladder incontinence. Although he was alert, barely spoke out comprehensive sentences and showed confused mentality at the time of admission. Physical examination showed generalized stiff ness and rigidity of both the arms and the legs. Ankle clonus and hyperactive deep tendon reflexes were observed. Laboratory testing for autoimmune, metabolic, and genetic etiologies were unrevealing, including skin biopsy and genetic testing for neuronal ceroid lipofuscinosis. His initial brain magnetic resonance imaging (MRI) was unremarkable, but electroencephalography (EEG) showed anterior dominant periodic lateralized epileptiform discharges on diffuse suppressed backgrounds (Fig. 1A) . Based on his measles infection history and clinical manifestations, a cerebrospinal fluid (CSF) study including antimeasles antibodies was done. The CSF analysis showed normocytosis and normal glucose and total protein but positive CSF IgG and IgM antimeasles antibody and high CSF/ serum IgG index of 1.6. A right frontal brain biopsy demonstrated nonspecific perivascular lymphocytic inflammation and microglial activation with a notable absence of viral inclusions. Based on these laboratory findings, he was diagnosed as stage III SSPE according to Jabbour's classification. 6) The patient was treated with oral inosiplex (100 mg/kg/day) in 3 divided doses and intraventricular 1×10 6 units A B 
Discussion
Prior to implementation of the national measles elimination plan, our country experienced multiple measles epidemics in the 1990s. In addition, 5%-7% of individuals are not protected after a single dose of a measles-containing vaccine. 8) As measles infection during infancy is a definitive SSPE risk factor, early doses of MMR vaccine are recommended in high-risk young children. 8) A recent study reported on SSPE cases detected in California and estimated the risk of SSPE for children who contracted measles at <5 years of age and infants <12 months of age to be 1:1,367 and 1:609, respectively.
8)
The authors emphasized the importance of maintaining high population immunity as well as the protection of incompletely vaccinated infants with an elevated risk of SSPE.
In the present case, typical SSPE symptoms including insidious onset of mental deterioration and personality changes followed by motor dysfunction, myoclonic jerks, and extreme neurologic dysfunction led to the clinical suspicion of SSPE. The diagnosis of SSPE was supported by immunological evidence of intrathecal antimeasles virus antibody response as well as ancillary findings such as histologic features, typical EEG with a periodic complex pattern, and diffuse brain atrophies on MRI. On brain biopsy, no intranuclear inclusions were observed, which is not unusual in the sclerotic phase of SSPE.
2) As SSPE is a rare disease that can be mistaken for other neurodegenerative diseases, the diagnosis of SSPE can be easily missed or delayed. 1) Neurometabolic diseases such as neuronal ceroid lipofuscinosis or mitochondrial disease and also autoimmune encephalitis may present in a similar fashion. Thus, CSF measles antibody testing should be considered even in immunized patients with subacute altered mentality and myoclonic seizures before the administration of immunosuppressive therapies. Although no curative therapy is currently available for SSPE, trials of treatment with INF-α, INF-β, ribavirin, and oral inosiplex using different methodologies have reported beneficial results. Two large multicenter studies investigated the efficacy of oral inosiplex as a treatment for SSPE and suggested that it may increase survival. 9) Thereafter, combined oral inosiplex and intraventricular INF-α therapies were studied in 1990s and were found to significantly increase the remission rate. 4) Among 18 patients who received at least 12 months of oral inosiplex and intraventricular INF-α combination therapy, clinically stable status or improvement was seen in 44%, with a spontaneous remission rate of 5%. 10) Moreover, in a follow-up study of 67 patients, there were only 7 incidences of complications associated with this treatment, including 2 meningitis cases, one shunt infection, and four reservoir blocks. 7) Despite the lack of a clear advantage compared with oral inosiplex monotherapy, the combination approach is still recommended owing to theoretical synergistic effects. 7) Combination therapies with inosiplex and lamivudine with subcutaneous INF-α and high-dose intravenous ribavirin combined with intraventricular IFN-α were also associated with improvement. 11) However, further clinical results with ribavirin were questionable, and treatment with cimetidine, intravenous gamma globulin, and mesenchymal stem cell infusion showed no benefit. 12) Only 1 study reported that INF-β administered subcutaneously combined with oral inosiplex may effectively treat SSPE. Table 1 . Long-term stabilization or remission in SSPE is rare. 1) To our knowledge, our case represents one of the longest surviving patients with SSPE on long-term intraventricular INF-α therapy. The patient from the study of Barraclough CR (Table 2) was not treated with intrathecal administration. However, both of them could survive long-term 9 years or more.
A B
2) The treatment duration differed among the survivors including the present case, and there was consistent progression of the disease after the initial symptom improvement. Although no consistent recommendations have been established, long-term intraventricular IFN-α therapy may safely stabilize the neurological status in patients with advanced SSPE. Further studies are warranted to clarify the efficacy, dose, and duration as well as the efficacy of combination therapy with other antiviral or immunemodulating drugs. 
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